Well-dispersed Ag nanoparticles (NPs) are successfully decorated on Fe 3 O 4 @SiO 2 nanorods (NRs) via a facile step-by-step strategy. This method involves coating -Fe 2 O 3 NRs with uniform silica layer, reduction in 10% H 2 /Ar atmosphere at 450 ∘ C to obtain Fe 3 O 4 @SiO 2 NRs, and then depositing Ag NPs on the surface of Fe 3 O 4 @SiO 2 NRs through a sonochemical step. It was found that the as-prepared Ag-decorated magnetic Fe 3 O 4 @SiO 2 NRs (Ag-MNRs) exhibited a higher catalytic efficiency than bare Ag NPs in the degradation of organic dye and could be easily recovered by convenient magnetic separation, which show great application potential for environmental protection applications.
Introduction
With the development of modern industry, water pollution due to the immoderate discharge of organic contaminants, especially organic dyes, has become one of the major environmental issues. Various kinds of treatment schemes have been exploited to deal with these effluents, such as polymer adsorption, photocatalytic degradation, and noble metal catalytic reduction [1] [2] [3] . Among these methods, noble metal (e.g., Au, Pt, Pd, and Ag) nanoparticles (NPs) based catalysts have received significant attention due to their excellent catalytic activity and efficiency [3] [4] [5] [6] . As a relatively low-cost noble material, Ag NPs have attracted particularly interest for their remarkably catalytic/antibacterial activity [7, 8] . However, there are two obvious disadvantages which may hinder the further practical applications of Ag NPs in industry. On one hand, Ag NPs are difficult to remove from the solution systems by simple centrifugation or filtration routes after the reaction due to their small size, which may lead to the secondary pollution and resource waste. On the other hand, pure Ag NPs are easy to coalesce with each other during the synthesis and catalytic process owing to their high surface energy, which will cause a fast drop of the catalytic activity and stability. A normal solving method is to immobilize and graft the NPs onto inorganic supports, such as polystyrene silica, carbon, and magnetic NPs to form a core/shell nanostructure [9] [10] [11] . Among these supports, Fe 3 O 4 @SiO 2 nanocomposites (NCs) have long been employed as promising supports to enhance the dispersion and recovery of Ag based catalysts [12, 13] . The Fe 3 O 4 @SiO 2 NCs can be easily recovered by magnetic separation, and the silica shell coated outside the Fe 3 O 4 NPs supplies not only a protection for the magnetic core from corrosion but also a suitable supporting matrix to incorporate other functional materials.
For a well-defined core/shell nanostructure, synergistic effects between the core and shell part are important for promoting their operational performance [14] . Apart from the size and composition, shape and morphology could also significantly influence their practical properties. Previously researches have shown that high aspect ratio nanostructures (e.g., ellipsoidal particles) may present higher catalytic rate than low aspect ratio nanostructures in heterogeneous catalysis systems [15, 16] NRs were first synthesized through a modified hydrothermal method previously reported [19] . Typically, specific amounts of ferric chloride (0.02 M) and ammonium dihydrogen phosphate (0.7 mM) were added into deionized water (40 mL) and stirred for 15 min. The mixture was then transferred into Teflon-lined stainless-steel autoclave (50 mL) and sealed at 220 ∘ C for 40 h. After the autoclave cooled down to room temperature, the precipitates were centrifuged and washed with deionized water. The silica shell was coated according to the literature [20] . Simply, the as-prepared -Fe 2 O 3 NRs were dispersed into a solution containing water (20 mL), absolute ethanol (160 mL), tetraethoxysilane (60 L), and ammonia hydroxide (5 mL) and stirred for 6 h. The particles were collected by centrifugation and washed with absolute ethanol. + aqueous solution (30 mL, 0.01 M) and ultrasonicated for 30 min. After that, Ascorbic Acid aqueous solution (2 mL, 0.05 M) was injected into the mixture drop by drop and ultrasonicated for another 30 min. The products were separated using a magnet, purified with deionized water and absolute ethanol, and dried at 50 ∘ C for 12 h. Bare Ag NPs were prepared in a similar way without adding magnetic supports.
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Catalytic Performance Measurement
Reduction of Rhodamine B (RhB).
To evaluate the catalytic activity of Ag-MNRs, sodium borohydride aqueous solution (2 mL, 0.15 M) was added into RhB aqueous solution (20 mL, 0.0625 mM) under stirring. Subsequently, certain amounts of Ag-MNRs (2 mg, 3 mg, and 4 mg) were dispersed in the above solution at room temperature. Changes of the absorption peak at 553 nm in UV-Vis spectrometer were recorded. A similar way was applied for evaluating the catalytic ability of Fe 3 O 4 @SiO 2 NRs and bare Ag NPs.
Reduction of Methyl Blue (MB).
Sodium borohydride aqueous solution (2 mL, 0.15 M) was added into MB aqueous solution (20 mL, 0.0415 mM) under stirring. Subsequently, Ag-MNRs (4 mg) were dispersed in the above solution at room temperature. Changes of the absorption peak at 660 nm in UV-Vis spectrometer were recorded.
Characterizations.
The crystalline structure was investigated by X-ray power diffraction (Bruker D8 ADVANCE). The transmission electron microscopy (TEM) and highresolution transmission electron microscopy (HRTEM) were conducted on JEM 1200EX microscope operated at 200 kV. Element analysis was taken on a S-4800 scanning electron microscope. X-ray photoelectron spectroscopy (XPS) analysis was performed on Thermo ESCALAB 250Xi. The Ultraviolet-visible (UV-Vis) spectroscopy measurements were recorded on a F-4500 ultraviolet-visible spectrophotometer. The magnetic properties of the products were measured by alternative gradient magnetometer (2900-04C).
Results and Discussion
The fabrication procedure of the Ag-MNRs is schematically illustrated in Figure 1 . Monodispersed -Fe 2 O 3 NRs were synthesized firstly via a hydrothermal route, followed by coating with silica layer through the hydrolysis and condensation of TEOS. The products were then calcined in The phase purity and composition of the products were investigated by XRD measurements. The morphology and structure of the samples were investigated by TEM and HRTEM. As shown in Figure 3(a) , the average length and diameter of the -Fe 2 O 3 @SiO 2 NRs are about 450±20 nm and 90±20 nm, respectively. The surface of the -Fe 2 O 3 NRs was fully coated with a smooth SiO 2 layer whose average thickness is about 8 nm. Figure 3(b) reveals that the one-dimensional structure was still maintained after the thermal treatment, and this could be attributed to the presence of SiO 2 shell which may act as space barrier. The -spacing of the crystallized magnetic core is about 0.294 nm (inset in Figure 3(b) ), which is consistent with the (220) plane in cubic magnetite crystal. Figure 4 (b) shows the Ag 3d core level spectrum; the banding energies centered at 367.6 eV and 373.6 eV with a difference of 6 eV are corresponding to Ag 3d 5/2 and Ag 3d 3/2 peaks, respectively, indicating metallic Ag in the Ag-MNRs [21] .
RhB was selected as a model organic dye to evaluate the catalytic performance of the Ag-MNRs with NaBH 4 as reducing agent. As observed in Figure 5(a) , nearly no intensity change of the peak at 553 nm was found after 1 h reduction in the absence of NaBH 4 or Ag-MNRs, indicating that the reduction reaction is very slow in the absence of catalyst or reducing agent. After the addition of NaBH 4 and AgMNRs, the absorption peak at 553 nm gradually decreased with reaction time (Figure 5(b) ). The ability of Fe 3 O 4 @SiO 2 NRs and bare Ag NPs to catalyze the reduction of RhB were also tested and compared to the result of Ag-MNRs. (1) It is well known that catalytic activity of the metal particles comes from their ability of transferring electron from donor to acceptor [25] . The Ag NPs in AgMNRs exhibit better dispersibility and smaller size than bare Ag NPs, which would make the dye molecules contact with Ag NPs sufficiently and lower their interface potential barrier height [26] . Thus, the Ag NPs supported on Fe 3 O 4 @SiO 2 NRs show a fast electron transfer rate between the catalyst and dye molecules. (2) The rod-like structure of the catalysts provides large surface areas for adsorbing dye molecules, which lead to a high rate of reduction. In addition, the synergetic effect between Fe 3 O 4 @SiO 2 NRs and Ag NPs could also exert an influence for promoting the catalytic performance.
The impact of the catalyst concentration and pH value on the catalytic activity were also investigated. Figure 6 (a) depicts that higher catalysts concentration results in a faster reduction rate, which is in accordance with previous studies [27, 28] . The kinetic curves for the reduction of RhB by AgMNRs with different pH values were shown in Figure 6(b) . No obvious change on the catalytic activity was observed under different pH values, indicating that the superior catalytic ability of the Ag-MNRs could be maintained in different pH value conditions.
For further examining the catalytic universality of AgMNRs, MB was chosen as another target to check the catalytic ability of Ag-MNRs. [8, 12, 13, 29] , these as-prepared products show higher coercivity values which are 338 Oe (Fe 3 O 4 @SiO 2 NRs) and 312 Oe (Ag-MNRs), respectively. This high coercivity may come from the enhanced shape anisotropy of the rod-like structure [30] . The digital photograph inset in Figure 8 (a) clearly illustrated the excellent magnetic response of the samples; when placing a magnet near the bottle, the Ag-MNRs catalysts were attracted to the side of the bottle within a few seconds and the solution became transparent, which is facilitative for recycle applications. Figure 8(b) shows the recyclability of the Ag-MNRs catalysts for reduction of RhB; the degradation of RhB was still higher than 80% after five successive cycles, indicating that the Ag-MNRs could be reused without a significant loss of catalytic efficiency.
Conclusions
In summary, we have demonstrated a facile step-bystep method to construct Ag nanoparticles decorated reduction atmosphere to transform the nonmagneticFe 2 O 3 @SiO 2 NRs to magnetic Fe 3 O 4 @SiO 2 NRs. Then, Ag NPs were deposited on the surface of the Fe 3 O 4 @SiO 2 NRs by a sonochemical step. These as-prepared Ag-MNRs show superior catalytic ability for the degradation of organic dyes such as RhB and MB. Moreover, the Ag-MNRs catalysts were magnetically separable and still exhibited excellent catalytic performance after at least five cycles, which make them excellent candidates for environmental issues. 
